Abstract. Novel electron-donor molecules based on tetrathiafulvalene (TTF) and imidazole skeleton with hydrogen-bonded (H-bonded) functionality 1-5 and 7-10 have been designed and synthesized. The cyclic voltammograms for TTF-based donors 1-5 exhibit two-stage one-electron reversible waves, while oligo(imidazole)s 7-10 show irreversible one. The room-temperature conductivities of their tetracyanoquinodimethane (TCNQ) complexes for 1, 2, 4, 5, 8 and 9 exhibit 0.11, 0.07, 2.3, 0.38, 0.16 and 0.10 Scm -1 , respectively, revealing high electrical conductivity than those of known charge-transfer (CT) complexes derived from organic donors with amino or hydroxyl groups and organic acceptor molecules.
INTRODUCTION
Complementary H-bondings and π···π interactions of nucleobases stabilize double helical structure of DNA, suggesting the possibility acting as a one-dimensional electrical conductor by CT process through the π-stacking. In the TTF chemistry, the relatively weak C-H···X type H-bonding is known as one of the key intermolecular interactions to produce unique properties as represented in neutral to ionic transition [2] and superconductivity [3] . In this respect, TTF derivatives with amino and hydroxyl groups recently have been synthesized, and a few radical cation salts showed metallic behavior down to low temperature [4] . Our continuous attention is paid to realize the effective interplay between H-bonding and CT in the solid state under milder physical condition, which was firstly observed in quinhydrone under hydrostatic pressure [5] . Recently, H-bonded nature seen in biomolecular systems has inspired us to design novel electron-donor molecules containing nucleobases or imidazoles [6] . Herein we describe the synthesis of novel H-bonded electron-donor molecules 1-5, 7-10 and transport properties of their TCNQ complexes. It is expected that these new molecules act as not only the electron-donor molecules but also novel redox-active building blocks for supramolecules and ligands of assembled metal complexes with H-bonded system [7] . 
TTF-based donors containing nucleobase or imidazole moiety
The donors 1-5 were synthesized as described previously [6a,b,e,f]. The donating abilities were evaluated by cyclic voltammetry, exhibiting two-stage one-electron reversible oxidation waves with almost identical values to that of TTF itself for 1, 2, 4 and 5. These electrochemical behaviors suggested no influence of high N-H acidity for the stabilities of oxidized species of 1-5. The TCNQ complexes were prepared by direct method, and the physical properties of TCNQ complexes are summarized in Table 1 a The ratio of donor and acceptor was determined by elemental analysis. b This value was evaluated by the highest frequency band (B 1u ) of nitrile stretching frequencies in terms of Chappell's equation [8] .
C
The difference of the first redox potential between the donor molecule and TCNQ.
d Not measured. Figure 2a shows the temperature dependences of the conductivities of TCNQ complexes for 1, 2, 4 and 5. The room-temperature conductivities σ rt of these complexes show the order of 10 -2~1 0 0 Scm -1 , revealing relatively higher conductivities than those of known CT complexes based on TTF derivatives with H-bonded functionalities [9] . The temperature dependent-conductivities exhibited the semiconducting behaviors of these complexes. To examine the effect of H-bonding in the solid state, we measured the temperature dependence of IR spectra for 2-TCNQ (Figure 2b ). In the nitrile stretching region, the mode around 2160 cm -1 became active and broadened remarkably with decreasing temperature in the same way as 1-TCNQ [6a] . Thus, we infer the occurrence of H-bonding interaction such as N-H···NC type in the 2-TCNQ complex, although the possibility of H-bonding between donors may not be excluded. The V-shape correlation reported by Torrance et al represents the theoretical CT bands for ionic and neutral complexes with alternated stacking, as shown in Figure  2c [10] . This correlation is used to classify the stacking manner and the ionicity of a CT complex [11] . 
Oligo(imidazole)s
The synthetic procedures for oligo(imidazole)s 7-10 were reported in our previous paper [6c,d] . Cyclic voltammetry in DMF showed all the redox potentials were irreversible, which might be induced by deprotonation due to high N-H acidity under one-electron oxidation processes. An interesting H-bonded nature of 4,4'-biimidazole system was revealed by X-ray structure analysis of [8·(HCl)] 2 ·8·2H 2 O (Figure 3) . The monocation of 8 dimerizes by complementary double N-H···N Hbonding. This dimer is further linked to the neutral 8 through N-H···N H-bonding, which gives the H-bonded tape structure in a zigzag fashion. The monocation dimer and neutral monomer alternately stack perpendicular to H-bonded network. The TCNQ complexes for 8 and 9 were obtained by metathesis method of HI salts with LiTCNQ, and the physical data, and electronic spectra and the temperature dependences of conductivities are summarized in Table 2 and Figure 4 , respectively. 71 a see, ref [12] . The ratio of donor and acceptor was determined by elemental analysis.
c These values were evaluated in terms of the Chappell's equation [8] .
The ionicities of TCNQ molecules for 8-TCNQ and 9-TCNQ were estimated to be 0.75 and 0.61 in terms of the Chappell's equation, respectively. This consideration is in accordance with the lowenergy absorption due to intermolecular CT transition around 3500 cm -1 in the electronic spectra (Figure 4a ), implying a segregated stacking structures. Figure 4b shows the temperature dependences of conductivities of compressed pellets for 8-TCNQ and 9-TCNQ complexes. The room-temperature conductivities are in the order of 10 -1 Scm -1
, which are higher conductivities compared with that of 6-TCNQ complexes [12] . Furthermore, the TCNQ complexes for 8 and 9 exhibit the typical semiconducting behaviors with small activation energies. The results of the electronic spectra, conductivity and IR spectra imply the ionicities of these complexes to be partial.
CONCLUSION
We have extended a wide possibility of a variety of H-bonding nature seen in nucleobases and imidazoles to design novel H-bonded electron-donor molecules. The experimental results indicate the formation of the segregated stacking with partial CT for 1, 2, 4, 5, 8 and 9, giving rise to the highly conductive CT complexes based on organic donor and acceptor with H-bonded functionalities. Introduction of the robust H-bonding sites with the possible π-stacking into the redox-active molecules may provide the new molecular design for the creation of purely organic functional materials. 
